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XHSTllACT 

classification ol jilcnrociaiil snails and other Ircsliwatcr 
inollnsks has histoncalK h(‘cn hased on inoiphological char- 
aettas. l)(\sj')it(* \cars ol taxonomic work on jilcnroccrids. no 
single work iiiclndcs all ifcogni/(^d ta\a Iron) a gioai groiij) 
and onK a 1»‘W sxstcinatic trc'atincnts ol tiic taiiiiK or indi\idnal 
gcina'.i (‘\ist. Modta ii methods ol ph\ log{*nctic* s\ stcanatics ha\(‘ 
shown that souk niorjihological traits do not support Instori- 
callx acccjitcd niolhisk classilications. 11 anaivses ol nioq^ho- 
logical chaitictia's do snpjiort ciirrcait ttixonoinic hxi^otlH'scs, 
then th(^ elassilieation ol th(‘S(' groups can he eonsiika'ed as 
stable. II not. <inr a]')]')roach n^garding diagnostic-charaetias lor 
th(“S(- groups ninst c hange- I his j^ape-r ns(*s 2.i she ll and radnlar 
eharactcas in a eladistic anaKsis ol the' pk iiroeeiid genus Liflt- 
(isifi, and c-onipan-s the findings to jm-xionsK sngg(-stod clas¬ 
sifications ol tin- group, (Sadistic- analxses do not support anx 
enrn-nt or historical ekissifieation ol iJtlidsid lloxxexer. these 
morphological c-haraeters arc- lonnd to ronghlx deliiM-ate iJtli- 

and other extant plenroecnid genera, challenging pre-xions 
xxorks that suggest such ehaiacters haxe limited ntilitx. 


IXTHOnUCTlON 

Ilistohc-alK. the" elassificalion ol lr("slixxat(n‘ iiiolhisks lias 
r(*lic"cl litmxiK on inoiphological l("atnrt‘s such as slndl. 
soil anatoinx. and rc"pn>(hicti\(^ stnictiirc's U'.g.. "knon, 
] S73: lli-arci and (aK-ki-rt. 1970; Daxis and k’nlh r, 19SI; 
Bnrc-h and Tottiaihain. 19S() . This is particnlarlx c‘xid(-nt 
lor plmirociaid snails, xxlu're sludl leatnrc^s aceonnl lor 
tlic" niajoritx ol diagnostic cli.iractcM's ns(*d in tin- taxon- 
onix and classific-ation ol tin- gron)). One groip ol plmi- 
rocM'rids tlnit has luani classified on the Basis ol shcdl 
cliarac-ters is lAtiidsid llaldenian. I S 19. a genus ol largi* 
rixcM' snails lonnd tlironghoiil tin- ('mnherland, ()lno. 
Mis.sissipj)i. and TenncsscM- 19x(*r drainagt-s. 

Sj^ecii's ol Lilhdsid possc-ss conic to oxat("-c‘onic slndls 
xxith Insilonn aj^(n1nrc"s. a posl(*rior callus on the p.iricdal 
xxall, and InapK-ntlx some dc^gree ol sc-nlptiiK- on the 
hoclx xxhorl i Bmch. 19S2). Most sj>ecies xx'm'c* descrilx'd 
initi.illx as Mclddid. and classifiial according to shell ( har- 
ach-ristics such as slia|)e and scnlptnrc-. llahknnan 


'( 'iirnMit address: Departnumt ol Zoologx ln\(a1( hiate Dixi- 
sicni. f ield .Mnsenm tif Natural I listen. I Mt9 S Lake Slion- 
Drixe, ( hieago, IL 9999.3 I S rminton(« lieldnnisenni.oi g. 


ISIO ena-ted IJilidsid and d(vsjgnal(‘d L. ^<'di('dld(d 
llaldenian, ISIO. as lh(" txpi" loi the- gimns and later 
erc’ctial Aid^ifn did . IS tl . Pri’seiicc* ol post(*rior and aii- 
t(*rior calluses iniit(‘d A/zg/Z/v /zic/ and Liflidsid. 'Hk* pri- 
man characU'is separating tin- geiu-ra xxi-re that A/ig/- 
frcdid shi-lls xx('re spinous and had iipi-rlnn-s xxith an 
antiaior sinus, xxhile Lilhdsid shells lack(‘(l seiilptnre and 
the aperture xxas not as distinetlx channe-k-d in Iront as 
the" txpic-al .\ui!^ilniitd(' d|V\ou. ] S73 , (Goodrich 1921 
snj)poi1tal Lilshn and llhoads IS99 reduction ol .\n- 
'Ziirrdid under Lilhdsid. and Lilhdsid snl)sec|nenllx has 
stood as a single ge-mis. (axulrich ( 1910' rec-ogni/ed lour 
sc'paratt" groujis xxithin Lilhdsid. hascxl priniarilx on jx‘- 
cnliarities ol shell sc nlptnrer In the" I97()s. antliors sug¬ 
gested tcLXonomic' re-xisions ol the' ge-nns. placing all 
iiimnhers in /<> Daxis. 1973 or Lh unuu vd Slanslx-n, 
197]-, S((-in. 197S. Bnrc-h and rottenham 19S0 rec- 
ogni/ed Lilhdsid st'iisd slrifio and Am^itn'did as siiligem- 
laa of Lilhdsid hastal on position ol sculpture" on the" 
hoclx xxhorl Burch, 19S2 . and not acc-ording to the- orig¬ 
inal diagnosis, xxhik" durge'on (*t al. 199S lolloxx(*d 
Burch in rec-ogni/ing Lilhdsid as one* ge-iius. 

Authors haxe historicallx assemhled j>leuro(-end gen¬ 
era has(‘d on grouping laxa xxith slianxl sh(‘ll ( liarae te-rs. 
Such is the* |nc"xal(“ut ap])roach louncl in the literalure 
puhlished oxc-r <i pi-riod ol 130 xesirs. <ind no analxses ol 
these- ( haracte-rs (‘xists lor Lilhdsid or anx other pk-u- 
roc-erid ge-niis. 'This max he a r(‘sult ol the- lack ol uni- 
loriii inrorniatioii loimd in the htenaliin-, l)iller(‘nt au¬ 
thors rareix proxidt-d comparahle kwels ol epialitatixe-or 
(|uantitalixe dat.i in (he-ir origin.il de sc riptions, and se-l 
dom us(-d te-riiis and e xpressions that max or max not 
haxe the same- de scriptixt- <-omiotations e.g.. taix-ring 
xe-rsiis hroadlx cemic she-lls . making it dilfie nil lor re-ad- 
e-rs te) elraxx comparisons he-txxe-e-n xxorks. M.uix dcsc rip- 
tioiis xxe-n- based on one- or a h*x\ sh("lls. juxe-nik-s, or 
partial she lls gixe-ii to the- aulhe)r. and raehilae- xxerc ne)t 
mclude-d in the se- de-sc*iiptions. I-'iiiallx, de'se riptienis xxe-re- 
siihjcclixe- hase-d ein the- expe-ri(‘nc(‘ ol the author, the- 
.mioiml ol xariation the-x ac-ce-pteal. and the-ir imek-rstand- 
mg e)i the- e)thi-r Ltx.i in tlie- lite-r.iture*. ( axc-n the- ( urreiit 
st.ite- e)! Ire-shxxater niolhisk taxouomx in ge-iie-ral and 
pk-nro(-e-rids spe-cilicallx. and the- hu t that inoiphological 
( haracte-rs are still iise-d tei (-onlirm Icixoii ide-ntilx .mal- 
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I’ i^iir<‘s 1-S, (ll)isl rations ol sch'ctcd rharacUa s anti clKuactc?' state's used in tlu* cladistif anaKsis ol'Lifluisia 1. Lithasia (n'tnip’ni 

sho I ' ! n ape'itiirc i2:2 and pre'seau t’ ol antorior (7:1) and j^ostcrioi (i;!) t'allnse's on tlu' colinnclla 2. IMiuisid rcrnicDsd 

'Ito"'" . mIms. |h)( 1\ whorl o. I and postrrioi' Itai*^!honing ol aporinro onrow; 10:1 6, Ahseaico ol taisp iu‘\t to latea'al tooth 

' 1- I ( lisp next to lator.il tooth arrow; 12:1'. 5. I.aniollar main lateral taisp i lO.O' (>. Heetiinenlar main latta'al 

'“''O 1'^ * "'I'll mam latta'al taisp i 10.2 . S. dViam^nlar main lateial ensj) 10:6', 


\S(S ol l]|( ^ 

IS pnideiit \| 
lia\ (* show n ll • ' 
jxn t 1 iistont <• i' 

2001), l.\(leard . 
fliaraelt rs do so 
(lien (lie elassdieat i< n 
11 not. onr approaeli l<' 
(Ik 'se nroups must t liaii<^( 


ni]do\in<4 modern (eelinitpit's 
^ ol pli\loncnetic s\ slenia(it“s 
ditdot^ieal traits do imt siip- 
' »lliisk elassilieat ions i ( a'al, 
I. anaKsesol morpliolooieal 
: nl taxonomie li\ po(l it'se's. 

'_roiips ean Ix' stabilized 
i ’ ' a.^ii(>stie fliaracters lor 
I }i\lo^eiielit' taxonomies ol 


tliis kiiul lia\t‘ bt'en adxoeatetl in sexeral studies ten;., 
tie (diu'iroz anti (kindlier. 1000, 1002, 1001; bnaiit. 
1006; St'reno, 1000; lAtltaird t't al., 2000). 

hhirtlii'r eomplit'atinn this prol>lem is that [ik'iiroet'nds. 
in a simila?’ lasliion to what happens to many ollit'r Irt'sh- 
watta in\ei*tebrat(* n;roiips, an* t'xptaitaiein^ dt'cliiit's in 
lh(‘ir nmnbt'r ol sjxaat's and iiitlixidnals caused by lixer 
impoiiudiiuail, habitat den;radati()U, aiitl poor laiubuse 
|)rae(iees (Sttaii. 1076; Uoeaii (*t al., 1005; lAtltaird td al.. 
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1997). 17)1 (‘\ani[)l(\ in tlio Molnlr I4asiii. oik* u;(‘nns >Cw/- 
rofonid) and approxiinati'K ol otlua sp(vi('s arc pn'smiiod 
extinct (Stein. 1970: Hou;an d a)., 1993; Ixcli'anl and \la\- 
dtai. 1993; lA(lcxird c^t al., 1997). Emu \\il\] tla* loss of 
dhcasih in tin* lamiK, onK’ fixe* of 130 n'c-oi^ni/ed plrn- 
roeeiid sjxx'it^s (Tiirt^eon et al., 199S^ an* list<‘d as c*itlK‘r 
endan^erc'd or tlnc*at(*ned as oi Ma\, 2001 i 17S. I-Isli and 
Wildlilt* S(*nie(*). II nioipholo'jx aloiit* is to In* nscal in 
idcaitifieation ol tlu'se inipcaihal taxa. tlic^n aiuiKsc's or(l)<*s(‘ 
cliaraet(‘rs i^ain (*\(‘n more impoilanec*. A laek orsneli anal- 
\s(‘s ean hinder (*lloi*ts to r(*eou;ni/.c*, manao;c'. and eonsenc* 
distinet taxa (Wapic's, 1991; \{a\clc*n and Wood, 1993) 
witliin th(*.s(* all(‘et(*d groups. 

The i^oal ol this stncK is to eoinpiK* sh(*ll and radiila 
eharact(*rs from Litlifisid, aiial\Z(* them nsin^ eladistie 
tec‘)ini(HK*s in ordc*r to t(*.st historical and modern elas- 
siKc'ations ol the* ec*nns and its speei(*s composition, and 
to determine possible* relationslhps ol the* eiMins and its 
taxa to otlier ph'iiroce'rids l)ased on those* anaKsc^s. Po¬ 
tential ehanu;e‘s to the* taxononn ol Lilhdsid base el on 
these anal\se*s and tlie ntilit\ of nsintj; th(*s(* e‘haracte*rs 
in plenn>ce*rid elassific'ation aie* eli.sensstal. 

MATEPd \1.S \M) METHODS 

Specimens lor the^ stnek \ve*re^ eitlier coll(*ct(*d live* or Ik)!- 
ro\\t*el from nnise*nin e'olle'ctions (App(*n(lix I). Shell char¬ 
acters were taken eliree*tl\ Irom spt*cim(*ns, Haelnlae wen* 
extracted, e lexincd, and prepare*e) according to the* m(*thod 
cle*scribe*d 1)\ 1 lol/na^el (I99S), \ie*we*el nsin<r a Hitachi S- 
2300 scanning e*le*e'tron microse'ope^, photoLi;raph(*el, and an- 
al\ye*el. IA)r IJtlui.sia, at le*ast one repres{*nta(i\e* Irom e*aeh 
re*co‘j;nize*el s|)e*cie*s and snl)sp(*cies (Burch and T()tt(*nliam. 
19S0) wus inclnelt*el. Sp(*cinu*ns of se*l(*ct(*d taxa repie*.sent- 
iiKJH fi\e otlier (*xtan( pl(airoe*e*nd <4e*nera {FJiuiUk liK 
Lcjifoxis, PU'uwccra) we*re* also ine‘lnele*el (App(*ndix 1). 
Data eonsi.ste'd ol a inatiix ok 23 characte‘rs (.\ppendix 2. 
Eimire*s l^S) coekal as e*ithi*r binan or multi-state* (Apjie'u- 
dix 3), and anaKy.e*d ph\loe(*ne‘ticalK nude*!' maxininm par- 
simoiiN with \( )\A 2.0 (a)loboll, I99S> usint^ the* lollow- 
ini; se*ttines: nnorele'reel data. 100 replieate*.s, with sil- 
iciild and Mclanoidrs tulnnvulaio \hill(*r, 1771. as ont- 
ej;ronps. is basal to the* rt*st ol the* Noilh \m(*rie‘an 

Ple*nre)C(*ridae* (I lol/nai^e*l and Ex elcard, 2000) and M (nh- 
( rnilaid was chosen as a more distant onteronj). |ackknil(* 
anaksis (37% de‘l(*tion, 1000 it(*rations of lO re])liea(e‘s 
each) was pe‘rjorm<*el in XA(" (Fanis, niipnblisheel; kAriis 
C't al., 1990) to t(*st the* stabilitx ol the* data. \ stiic't e-on 
se*nsns tre*e mappe*el with chara(‘ters was j)re)elne‘e‘el with 
Winelaela 0.9.99ni2 1 (Nixon, 1999). The* anaksis was nm 
twice. e)nce* nsine she*11 e'haracte rs aleaie* and once with all 
characte*r.s combine*d. Be*canse* most pre*\ions elassilie alions 
te.iT., Tnon. 1S73; (a)e)ehieh, 1940 were* base*(l e)n she*11 
charaete*rs onk, the*\ were* anakycel se*parate*k anel e-om- 
bine*d with raelnia data 

Once* tile* elassifieatieen h\pe)the*sis was (*stabhshe‘el. it 
was compar(*el te) fixe* dirie*r(*nt elassiliesitiein sehe*nie*s 
pre)pose*el b\ pre*\ie)ns anthens (Appe'iulix E: 


V Eith asia re pie*s(*nls a single* ee*nns. This assmnption 
le)II(>ws (he* eiirre'iit ' rnrc(*e)n e*t al.. 199S '\ie‘W of the* 
<4e*nns. 

B. Eithasia re*pre*se*nts a single* ^eims com])ris(‘el of two 
snb^e*nera. iJlhds'ni sciisit sirit'fo and Antiilrcind. 
sens// Bnrch anel Ibttenham I9S0 Phis e'lassifica- 
tie>n is eommenik nse*el as a startini^ point in j)le*n- 
roe'criel stnelie's e-.e L\de*anl e't al.. 1997; I lol/na‘j;c*I 
anel Exelesird. 2000 . Bnreh anel Te>tte‘nhams I9S0 
'j;e*ne‘ra anel snbee*ne*ra e|ille*r in sp(*e*ie‘s eeiinpeisitieni 
lre)m those* eil Tnon ' 1S737 

(7 Eithasia re-pn-se-nts a sinu;le' o;e‘nns e*e)mprise*el e/l (e)nr 
spe*e i(*s i^ronps base*d on j)e*e nliaritie*s of (he* nodnleins 
scnlptnie* (aieMlrie'h. 19 40'. Lithas'td fiuhvichti 
(de*neh. 1903. hael \e*t (o be* de*se ribe‘el and is inclnd- 
(*el in (ironp 3 based ein (de*nc h i 1903 alkini^ it (o 
Liihdsid / e/'/v/ee.sn I4afine*sejiie*. 1S20' 

D "Paxa [ire'se'ntk ine'Inele-el in LiiUdsid be*le)nL;; to eme* ol 
thre*e* ee‘ne*ra: Liflidsia. Adpfn idd. en'A//r///osn. se//- 
su lixon (IS73'. in this case, the* e)ri<4inal ele*scrip- 
tie)ns e)l Lifhdsid anel .\diii!n'lna are* nse*el te) i^ronp 
taxa base'el e>n she'll e*haracte*rs, d'ne)!) lailc'd (e) in¬ 
clude* Liflid.sid ('iirtd Ee*a. ISOS . and IJfhdsid Itu- 
fdichli had \e*l to be* ele*se'ribe'd. Be>th spe'eie*s are* in- 
chiele*el in 'rnenis .Xnisifnind based on the'ii nodnieins 
she ll scnlptnie*. Liihdsid f^ciiiruldid pidpiis Ee*a. 
i S32' = Aui iildsd j)in^uis. 

E. Taxa j)re‘se*ntk ine‘hide*d in Lithdsid she)nld be* e*e)n- 
side*re*el spe*e.'ie‘s e)l /e) base*el e)n de‘\e*lopme*ntaI e har- 
aete*rs. sv//s// Da\is < 1971 /e) Ee*a. IS31. h<is j)re*ce‘- 

(le ne 1 * o\e*i Liihdsid 1 ialele*man. IS 10. and \//^/7/v///n 
i lalele*nian. I S I I. 

sixth sehe*nie*. Ste*iiis i 197Sbi re*e*omnie*nelatiein (hat all 
Liihdsid be* ee)nsiele*re'el Vlcdvoirrd. is not tre*aleel he‘re* as 
it is nome*nelatnral. neit taxonomie*. anel has since* be e‘n re*- 
se)ke*d b\ the* Inte-rnational ( 7)nnnissie>n eni /e>e)le)<3e'al \e)- 
m{‘nclatnn*'s de*eisie)n te> make* Lhunu'i'ni (K'uids the* txpe* 
spe*cie*s ol the* ^e*nns Me*kille*. 19S1: se*e* elise nssion in Bo- 
i^an anel P<irmale*e*. 19S3', ( 4iarae'te*rs siip])e>i'tin<^ re*latie)n- 
shij)s in the* parsimeinx anaksis W(*re* ee>mpare‘d te) c'harac- 
te*rs that cre)npi'd spe'e*ii*s in the* e)the*r e*lassilie atiems. 

BEsri;rs 

Maximum parsimoiiN anaksis e)l she ll eharae'te'rs ale)ne* 
\ie'lele*el 372 tre'e*s ol 27 ste*ps k’i<4nre* 9 . Liihdsid was 
re*nele*re*d ne)n-nie)ne)|)h\le*tie* b\ the* plaee iiu'iit ol iJih- 
dsid i^diif'iifdid pd/;^///s in the* cTule* ol Li jfiuxis spe*e'ie*s 
anel the* plac'e'irie-iit ol Liihdsid dhovdid Sa\. I S29 in a 
pokloniN ol i Id ) some* Lfitiiid + p/7/^///s ^ ij^pioxis 
+ remaining Liihdsid \ \naksis e)l all t harae lers \ ielde*d 
20 (re*e‘s ol 107 ste*j)s that re*n(le*re*d Liihdsid ne)n-mone)- 
ph\le*tie I'i^nre* 10 . Liihdsid <ui\U'dldid /////^///v spe*ci- 
me*ns we*re* basal to a e laele* e>l Lcpidxis spi*eie*s snppeirte'd 
b\ a te*arelrop-shape*eI ape*rtnre‘, and Liihdsid ohoi did was 
ne*ste*el be*lwe*e*n e laele'S e)l /Ve///'e)/(*/v/ anel iJitiiid s])e*e'ie’s 
iie*ar the base* ol (lie* tre'e*. 7’he* re'inaiihnii Liihdsid taxa 
re)nne*d a elaele* with /e) snpj)e)i1e‘d b\ thre'e* ellarae'te‘is; 
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Melanoides tuberculata 
— E. caelatura 
E. hydei 
Juga silicula 


81 


1 


P. canaliculatum 
P prasinatum 
P walker! 


Lithasia obovata 
lo fluvialis 
E. olivula 
E. alabamensis 


65 


Lithasia geniculata pinguis Duck 
Lithasia geniculata pinguis Collins 


Leptoxis ampla 

- Leptoxis crassa anthonyi 

— Leptoxis plicata 
Leptoxis praerosa 
Leptoxis taeniata 
Leptoxis virgata 

Lithasia armigera Ohio 
Lithasia armigera Stones 
Lithasia armigera Harpeth 
Lithasia armigera Wabash 
Lithasia duttoniana Duck 
Lithasia duttoniana Harpeth 


69 


Lithasia geniculata fuliginosa Buffalo 1 
Lithasia geniculata fuliginosa Buffalo 2 
Lithasia geniculata fuliginosa Harpeth 
Lithasia geniculata fuliginosa Duck 
Lithasia geniculata fuliginosa Red 
Lithasia jayana 
Lithasia salebrosa florentiana 
Lithasia salebrosa subglobosa 

Lithasia geniculata geniculata 

- Lithasia hubrichti 

- Lithasia salebrosa salebrosa 

- Lithasia curta 
Lithasia lima Bear Creek 
Lithasia lima Elk 


-E 


Lithasia verrucosa Ohio 
Lithasia verrucosa TN 
Lithasia verrucosa Wabash 
Lithasia verrucosa White 


I'imnt* 9. ( 

nsiM^ sln‘ll ■ h.ir.o 


Strict consensus ol t!ic >.2 most parsimonious frees 27 steps. ( I t).7 
lines ■ h.Vr alio\e luiilcs. immlier ol imamhimions s\napomoipliii's IxTm no 


\ i^encrated 
(Hs. 
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r— Melanoides tuberculata 
Juga silicula 

3 ^ ^ P. canaliculatum 

Yl I-P- prasinatum 

p walkeri 

— Lithasia obovata 

— E. olivula 


77 



— E. alabamensis 

E. caelatura 
E. hydei 

— Lithasia genicutata pinguis Duck 

Lithasia genicutata pinguis Collins 
Leptoxis plicata 
— Leptoxis virgata 

Leptoxis crassa anthonyi 
Leptoxis praerosa 
89 p- Leptoxis ampla 
1*— Leptoxis taeniata 
Lithasia armigera Ohio 
— Lithasia armigera Stones 
Lithasia armigera Wabash 
Lithasia hubrichti 

- Lithasia armigera Harpeth 

- Lithasia duttoniana Harpeth 

— Lithasia curta 
— Lithasia lima Elk 
— Lithasia lima Bear Creek 
• Lithasia verrucosa Ohio 
— Lithasia verrucosa TN 
— Lithasia verrucosa Wabash 
— Lithasia verrucosa White 
— Lithasia genicutata fuliginosa Buffalo 1 

- Lithasia genicutata fuliginosa Harpeth 

— Lithasia satebrosa ftorentiana 

— Lithasia genicutata fuliginosa Duck 
Lithasia satebrosa subgtobosa 
Lithasia duttoniana Duck 

- Lithasia genicutata fuliginosa Buffalo 2 

Lithasia satebrosa satebrosa 
Lithasia genicutata fuliginosa Red 
Lithasia genicutata genicutata 
— Lithasia jayana 
— to ftuviatis 


I— LithasU 


l i’mnv 10. ( IdihsiK duA\sis Stnc-t c • iist nsus ^ )t Ok jn most p.nMinoiit *ns hers in. str])s. ( i n.i.l nsm, 

slioll and radiila cliaractcrs coiiihiiit'd. lackknilr \alurs =* n.> . ahmc n hIos minilx r o} uiiainl)n:<i()ns s\na]')ornorpliu‘s lu low nodes. 


•nsns i)f iIk 2n most parsnnont *ns trees lOT ste])s. ( 4 0 371 jjeiieratt'd nsm. 
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liisilorin apiMlnrc cliaiacN'r 2: state 2i, posltaior calliis 
on aj)(‘rtnr(‘ (x\ . and slight aiiNa'ior canali/alion ol tli(‘ 
a]^(Mliii‘(* S:) . l)(“S]>il(‘ l)cMll^ \\(dl n‘sol\(‘(K sujiport 
lor aii\ olacic* (‘\ist('(l as o\icl(MR(‘cl l>\ low jaokknih' \ al- 
ii(*s. 'rin(*o olli(M‘ jil(Miroc‘(‘ricl iJlndd, Ij'pfoxis, 

aiul dh unu'cra. won* all i‘(‘co\(M‘(‘(I as iiionopli\l(‘tio. 


l)IS( I'SSION 


Tlio cnrnait la\onoin\ ol j)l(‘nroc‘ori(ls is hascal on sludl 
cTaracleristics. anti most work on tlu* laniiK lias locnstul 
on tli(‘s(‘ oliaraclm's. An tw((‘nsi\o lilcratnro (wists lor tlio 
lamiK. with most works Ixnn^ eitlior wIiolK (lesson])!i\t‘ 
or taxonomic slinlllin^ taxa ainom^ croups, Tliis sliulx 
stands as tli(‘ first cladistic tnxilmcnt ol all cnrnaitK na*- 
o<i;ni/cd Lithasui s|)(‘cii‘s and lluar n'lationsliips to otln'r 
pl(Miroc(Mids bast'd on slit'll anti radnla cliaractt'rs, 

\t*itli(*r analxsis conij'ilctt'K rt'ctncrt'tl tlit' fixe classi¬ 
fications l)ciiR^ compart'tl. In both ])li\ lo<.i;(‘nt'tic treat¬ 
ments Uduisifi taxa did not lorm a single eroiip, wliieli 
reintt's tilt' laxononiit'S ol Hiircli and Toltt'iibam ( 19S0), 
Coodricb tlt)IO^ anti rnru;t'()n al. (l9t)Sk dntins 
lS7d) eniiipines ol tlic enrn'nllx rt'co^ni/etl siR'clt's ol 
Litlidsia was also not siij^porlt'tl. as sciilptiinal ant! 
smooth taxa tiiti not eroiij) sejiaratelx. Daxiss eontt'iilion 
that lAthasui spt'cies should Ix' considt'rt'tl as int'inlx'rs 
ol /() xxas partiallx sn])[)(ntt'tl in tht' j)arsimonx analxsis 
ol all characltn's. xxht're lo xxas nt'slt'tl tieej) in a clatlt' 
containin'^ most Lithasia taxa. 

TIk* const'nsns lixx's sn'j;;L^i‘sl that slit'll charar'tt'is aloix* 
tlo not ix'coxt'r cnrrt'ntlx or historicalK rt*comh/.i'd 'j;ron])s, 
I loxxi'xt'j; slu'll and radnla characters combint'tl can lx* 
nsetl to recoxt'r pk'iiroceiid '^t'lK'ra. but tlo not rt'solxt' sjx*- 
cies lt'X('l id(*ntit\ xxt'll. In tht' total characl<'r aiialxses, lAi- 
ni'ui. I and Plciiioci’ni taxa all grouped in ilit'ir rt'- 
spectix'c e<*nns. Onlx txxo Liihdsui l<ixa ^roiijx'tl aw ax Irom 
tht' othi'is. sii'^i^estin'i; that tlu'st* txxo sjX'cit's max bt' mis- 
])la('(‘d. lAllui.sia lUnU iifdin xxas |)lac('d in 

.\ii(‘til()sd^ bx dnini ' 1 Sb I). and snbst'tjnt'iitlx jdact'd 
in Lillidsid. xxhen' it has I'cjirest'ntt'd tht' h<'atlxx'al('is lorm 
ol the iidninihtfd iioid'nlaid-lnli^inosd-piiip^nis comj)lt*x. 
based on the nioqihtilo^ical cliaractt'rs (‘xamiiK'tl h('rt*. L. 
'J^cnif ulatd pinnuis should Ix' classified as a sjX'cit'S ol /aye 
toMs IjllidAd oharafd is tlx' onlx sjx'cii's in tlu' neiiiis that 
occurs ii tht' (.reeii bixer draina'^t' ol Kt'ntnekx, anti has 
mclndt il ii I i\ iioniiiuil lorms that art' (jnt'stionablx Lifli- 
1. ^ I IK lack the callnst's tin th(* a)x*i*tnrt', 

hi''iloin 1 h.ixe radnlat' mtist similar to I'Jiiiiid 
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lo'4enetic analxsis sni^‘j;ests alltit'a- 
parate ‘j;t'nns. I Ix'liext' tiu' atb 
Pl( unnwif sjx‘fit's or mori' mor- 
lalxsis xxonld rt'soKt* its et'- 
"fj; lAthdsid sjx'cit's xxonltl 
•idt st name (or that clatlt'. 
In liaxiixj; a Insiltirm aj)- 
' 'miiclla (): 1 ' and loi- 
2 . This chanet' xxonltl 
('^artliii^ tl!(' txx't) 'j;en- 
t 1 V itinal sjx'cit's xxt'i'e not 
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recoxt'rt'd. and t'txitinned analxsis is rt'tjniri'd to t'Incidalt' 
tliaLj;nostit' charaelt'rs at tht' specit's It'xtT \ont' ol tht' fixi' 
cnrrt'iit and histt)iical classificatitxis t)l lAfluisid tRaliiatt'tl 
in this stiitK art* ct)inplel(*K consi.slt'iit xxith the analxsis. 
Onlx tht* tlia'jiiosi.s t)l Ihircli (19S2' is pailiallx snppoilt'd. 
A j)ost(*nor t'allns on tht* colmnt'lla (b:l) and tht* loi'niatitin 
ol antt'Hor canal ol the ajX'itnre ('S:l-2) unite all LiihdsUi 
(minus i^cnh'iildtd pin^iiis and ahovdtd pins lo) in tht' ct>m- 
bint'd charaett'r analxsis. 

This stndx oilers (*xitit'iici' ri'lntinii ]>n'xit)ns nt>lit)ns 
that slit'll and radnla chai“act(*rs haxe limilt'tl ntilitx in 
rt'co^ni/in^ plt'nrtx’t'ritl eroiips and supports tin* list* ol 
tht'st' characters in tlt'fiiiiiej; plt'nrt)ct*ritl ^t'lX'ia. In tht* 
most inclnsixt* (rt*atment t)t plt'iirtx-t'ritls lo tlatt*. Ti^tin 
(IS73) tillt'retl an exlt'iisixt* discnssitin tin the use and 
xalitlilx' ol shell characters in si'i^aratiiii!; tht* xarions o;t'n- 
era anti sj)t'eit*s in llit* ^roiij), Tnon rt'co'^ih/t'tl that sht*ll 
cliaractt'rs can xan i^reallx and Itxiketl lowaiils the n.st* 
ol other anattimical cliaractt'rs to st'paralt* ’‘natural 2en- 
t'ra ' and tliscoxt*r ctirroboratix e slit'll c'haractt'rs lt>r tht'.st* 
^rtxij'iin'^s. (axxlrich {19t(): 1) nott'tl that slit'll charac- 
tt'is “tinct*. . .ctmsidert'tl immutable haxe jirtixetl to lx* 
st'ctnidan anti mtirt' or It'ss t*xaiit'sct'nl', I’lAon (1 S73: 
liii-lx) fii?;nrt'tl sonu* ol Troscht'l's illnstrations t)l radnlat' 
anti commt'ntetl t>n Slimpsoiis tibsenalions that slit'll 
anti ratlnla cliaractt'rs set'ni to nnitt' plt'iiroct'ritls but tlt> 
little to st'jxirate ctm.stiliK'iit i!;t'nt'ra anti spt'cies. It is 
Irnt' that i^astrojxxl radnlat* Padilla, 199S and Irt'sh- 
xxatt'r molhisk shell cliaractt'rs can bt' plastic, tillen t*\- 
hibitiiie clinal xariations (t'.e., .\tlams, 1900, 1915; ()rt- 
mann, 1920), and tht'rt'ftnt' j)ott'ntiall\ etmtribntiii'j; ht>- 
nio])lasx It) ph\lt)iLj;t*netic aiialxst'S. .\tldin<^ solt anattmix 
characters tt) a stndx such as this niielit tht't)rt*ticallx im- 
prt)Xi' tht* rt'sointion t)l th<' anaixst's, but manx characti'i's 
1 rt'tjnt'iitlx nst'tl It) th'lineate taxa x’arx littlt' anioiie plt'ii- 
roceritls \l)a/t). 1905) anti in ])hxlo'i;('nclic rt'constnic- 
lions shell cliaractt'rs ollen art* It'ss ht)ni()j)lastic than an¬ 
atomical cliaractt'rs cSchantler anti Simtlbt're, 2001), 

The results 'j;ixt'n ht're are consistt'iil xxith studies t'ln- 
j 1 lt)xin^ molt'ciilar methotls (Kxtlt'artl t't ak, 1997: L\- 
tlt'ard et ak, I99S; 1 iol/.na‘j;el anti Kxtlt'artl, 2000) to 
idt'iitilx plenrt)ceritl i^t'iit'ra. In iht'se xxtirks. Idiniia anti 
rl<'nr(H‘(’rd rejirt'st'nl natural groups, anti tht' nitirpho- 
lo<j!;ical charaelt'rs snpjxirt both i^t'iit'ia, lloxxcxt'r, Lx- 
deartl t'l al. (1997) anti 1 lol/na‘^t‘1 anti Iwdt'artI (200()) 
shoxxt'd that lAtUdsid anti l.(*ptoxis art* nt)n-mt)nt>])hxlet- 
ic, lholl^h tht' conibint'tl moiphtiloi^ical analxsis eixt'ii 
ht'rt' supports tht* n'coeiiilion ol Ij'ploxis as a nalnral 
eronp. \ lht)ron<4h molt'cnlar stndx t)] LUhasia, inclndin<j( 
all ol its nominal spt'tat's and lorms. will prox itk* xalliable 
inltirmation on iht' spt'cit's comjiosition o( lAlhdsid. anti 
snbs('(|nt*nl charactt'i analxsis xxill ht'lj) tiefine the tliai^- 
ntistic h'alnres ol iht' <^enns. 

\C'K\()\\1 JxDCMIvN rs 

1 xxonltl like lo thank S. \hlstt*tl(. |. ( kirnt*?'. and 1). Nt't'lx 
(or sjX't'imt'ns. \l. (Oaiil>rt'cht, P. 1 larris, (’. Kxtk'ard, and 
17 Slroni^ jiroxided helpinl ('oiiimt'iils on tht* maimst'npt. 
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V|)|K'iuli\ I. S\striii;itic list of us«(l in (hr iLmIisIic .umKsis ()1 tin-m-niis/J/Z/r/s/V/ n ' I ior racli (.i\nn ( l.issilii .itn )n lolh m s 
rt al. ( lOOS); ta\a an* iianual as in Ihuc li i lOSOi (;()iiipl<-U‘ loealilN nilotiiialKm is axailahlc horn the author 
l i( l(l Mnsrniii ol Natural Iliston INllS Illinois Natural liiston Sin\c\; N( S\1 North ( arolina Stati- Miisrinn of N.itnral 
Sciri ir(‘S; U\(»^—I ni\(‘rMt\ ol Alahaina C^istropod ( a>ll(‘i‘tioiu I MM/ liiixorsilN ol Mithiaaii Miiscnni oi /ooloi^s. 


Taxon 

17nnil\ iTairocrridar 
(a'lms rJimi({ 

E (ifdluiuu'usis (Lt'a lS(Ml)i 
E au'lailira ('(U‘fdin m (lvc(‘\(r iStiO 
E lii/dii (all I rati. I Soil)! 

E oliiiila ((a)iiratl. IS34a) 

Citams /<) 

/() fiiii id!is (Sax, IS25) 

Caaiiis juiiii 

I siliciild i Cioiild, I S IT) 

(aains Lriifoxi.s 
L. dtiijild (Aiithonx. 1S55) 

L. (‘rassd diiifioni/i iltrdfii ld. 1 So 1 
L. filu'did ((a)iirad. lS34h) 

L. jirdrrdsd (Sax, IS2I ) 

L. tddiiidid ((a)nratl, lS34l)) 

L. lin^dfd (Lea. lS41a' 

(a‘HIIS Litlidsid 
E. dniiia^di'd (Sax, 1S21 ' 


E (iiiid ( Lra, 1S6S) 

E. (Iiiitidiidiid :L(‘a ISlla) 

E ^rnii'iildfd iii nic'tildfd ^W.iUknwAw. 1S40^ 
E. ncidciildfd fidiAjmisd 1S42) 


E. ^I'diciifdld jtiii^dis (Lra, 1S52) 

E. //a/u7V7///( dtairli 1005 
/., jdifdud ( Lea. 1S4 I li) 

E. Eiind (( ’onrad, IS34a' 

E ohm did (Sax, IS20) 

E. sdh'hrosd sdh'hrosd (aairad 1 S34a 
E sdh'hrosd flormiiiddd \\jCa. ISlla' 
E. Sdh'hrosd snhfj^h^hosd Lea. IStMa 
E n'rnti'osd ( Kafiiirs<|iit\ 1S2(0 


(a nus Efcnroa rd 
E cdddliinldinm filnni Iasi. 1S45 
P lirdsiddiiiin ((a)iirad. iS.Ma^ 

P u'dlkrri Good rich. iy2S 

ITiniilx Thiaridac 
(IciMis Mr!diioi(h‘s 

M tiihi'n'nJdtd \ WiiWiA'. 1771 


1 a K-alitx 

(-ollec titni 
nninhi'i 

( oosa 1 hx<‘i ( .oosa ( o \ 1 . 

N( SM B I05S 

( iiioccolocco (( ialhoiiii ( .o. M 

N( SM B 1050 

Black Warrioi Ihxcr |( 1 hasoii (.o. M 

N( SM B 101)3 

\lal)aina Ihx n Monroe (!n M , 

N( SM B 1004 

llolslon Uixcr Siillixan(a) TN 

N( SM B 10()7 

< )ak ( at'ck. B(‘utou ( o. ()B 

N( SM B 1070 

1 .ittit' ( iahah.i Bix ci Bihh (.'o.. \ 1. 

N( SM B 1071 

Sc(|uatt hie Bixcr. Marion (-o.. \I 

N( S\LB 1072 

Black Wanioi Bixcr, |cllcrsou ( M , \L 

N( SM B 1071 

llai]H‘th Bix(m D.ixulsoii (io. I N 

N( SM B 1075 

( lioccoloct«) ( acek, l alladi ua ( io.. \L 

N('SM B 1070 

(liiich Bixcr, Hancock (.‘o., I N 

N( SM BM077 

\\ ahash 1 »i\ ci While ( a). 11. 

INllS TU)2S 

()hio liixcr. M.issat ( M.. II - 

IN IIS 230. V2 

Bast lank Stones Bixcr. Biitherloid < io IN 

[ \(: .307 

llarpeth Bixri. (luMthain (.'o. I N 

1 \(;572 

Idnnessee BlxiM'. Lauderdale ('o. \L 

1 AIM/ 242200 

Duck Bixcr. Maun ( o. 4'N 

1 \(: 102 

llaipeth Bixcr, Daxidson ( .'o.. I N 

1 AC 105 

( )am‘\ kOrk. 1 )t‘kalh ( o.. lA 

1 AIM/ 5L)03 

Biillalo Bixta. 11 innphrtas ( M. I N 1 

1 \(; 400 

Bed Bixcr. Boheitsoii ( !o I N 

V \(: .30S 

Duck Bix(‘ 1 , Mann (.'o. 4 N 

L \(; 103 

BuUalo Bixcr, INarx ( a) I N 2' 

( AC .305 

Ilar]')i4h Bixcr. Daxidson ( o., I N 

LMM/ 5.)2.33 

( .‘ollins Bixta \\arreii ( o I N 

L \(. 107 

1 )nck Bixta, (illce ( o I N 

l AC 302 

Bi':^ Black Bixcr Hinds ( o, MS 

lAINH 137751 

1 )nt k Bix» r. 1 Inniplmas ( !o I N 

L \(. 573 

I'dk Bix (a Lii IK‘Stone < o M . 

1 \( r 571 

Bear ( a<‘(‘k ( .ollnat ( a>. \ 1 

1 \(; 570 

(heiai Bix< r McLean ( a) 

IAIN 11 l()210 

Ic an lessee Bix t a L.indird.ile ( o.. \L 

1 \(. 505 

reiinessee Bixta. Hardin ( o 4 N 

lAC 125 

lennessee Bixta'. Hardin ( o 4 N 

1 A(. IB) 

\\ ahash Bix la W hitt ( 'ti 11. 

INllS 2.^>020 

( )ho Bixia. Massat ( t). 11 - 

INllS 2303)1 

lennessee Bixta. Ikntlni ( o I N 

1 \(; 127 

li nnessce Bixia L.niilt rtlalt < .o \l 

[ \(; .50S 

Duck Bixta M.iurx (.o I N 

NCSM B lOSO 

V’lloxxleal < leek, Shelhx ( o \L 

N( SM B lOSO 

shoal (a'cek L.iiidtatl.ilt ( a) \L 

N( SM B-1002 


I )rauia' 4 <' ditt h. (iaiih sxill< \ia( hua ( o I I- N( S\1 l^-10S2 
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THE NAi rilA'S. \()1. llfi. A'o. 2 


4. 

5. 
(r 

i. 

S. 

9. 

10 

11 . 

12 . 

13. 

14. 
15 
10 


IS. 1 

19. 

20 . 

21 , 

02 

23 

24 

25 


Sltell sluiix*. 0 i 1 ' conif. l2) tonic. 

\n(>i1nrc sluinc. 3) tc^aidrop. < I ' ovate. (2) liisilonii. 

St nlnlurc on posterior both vvborl. lO) none. (1 > cannate, (2) tubercles, 

Vnl ).n,v UK-'ii.tlh on IkkIn whorl, lO) none. . 1 > slunp anjilo on l.ocK whorl, 

Vnlpt.irr- on nnthv ho.h whorl, id' nono. (I) .‘v.M. Int.-ral n.w,s ol small noclnl. s. 1-1 cosUt , 

Posterior lallns on eolninella, id' ahsi-nt, ill piesmit, 

\nlerior eallns on eohinu>ila.tdial.MMit,(n present, 

1 ern'tli ol anterior canal of apeiinre, (d) none. 11) slight. ILl eloinr.ite. 

...... 

........ 

Cusp nest to lateral tooth esteriorK. (d) absent. [V present. 

ShaiM' of upper rachkiian margin, (d) conves. iH str.iinht. 

l,enntl, /width ratio of rachidian, (d) tooth as Iona as wi.hs (1) tooth onaer than w <h , 

I enath'width ratio of central rachidian dentiel.-, (d- hmath and wnith cinal, ( 1) Iona, , than 

™ ... ... ... ^ 

.... "■ 

... ..,..,. 1 .. .r-ar ...... i-ar 

Sham- ol l.-adma ,.,|a,. c,f main lateral ensp. (d) pointed. (11 ronnded, (-> stra.aht, 

Shane ol inarainal teeth, (d) pointe,!. (D round. 

\nml.er of inne-r inarainal teeth (dt 1 H. (1 I .5-.S. (2) more than S. 

Nnniher ol'.inter marainal t.-.-th, (d) 1 - 4 . t H 5-.S. (2) in.m-than S.- 


.Xppeiulis A. Cladistic anaivsis ol' th,' aenns lAthdsid 
ta\i>n names when' ikmtKhI. 


Data matnx el ta\a 


and character states. Ilbfr name's iollew ajipropnatc 


Liilifisin (irniiiii'rd Ohio 

LUhnsid (inni<U'ra Stenic's 

Lillia^in (inninj rd llarpetli 

Lilhnsia (inn'vu va Wabash 

IJlIidsid nirlfi 

lAlliasia Duck 

lAllinsid ilulfidiidiKi liaipe'th 

Idlhdsi/i ii('iii('nldld jiildAidiisd Bnllalo 1 

Lifhdsid ^uniciildld fnfi^A'iiK^sd Ihiilalo 2 

LUhasui ii< iiivdld!d Diu‘k 

Lifhdsid Huicdldld ftiidliiu^sd llarpeth 

Lithdsid "i nif uidid ful'rA^nosd Ihal 

l.illaJstd incdidid U dicnldld 

l.dfi' '< I tt ildid jHH'diis Duck 
I>( • ; 't (.ollins 

LKiid'-^h 
Litlidst 

Lithdsiti ‘ ' ' 

Lilhd\td 
lAtlidsid nl 
Ijilhdsid sr//( t 
Idllidsid sdh hii 
Lifltd'^td sdlchr(>s< 

Idthdstd } c/Turese; ( * 

IAtlid\id t f nnrvtsf'; 1 \ 

I Afliasid I rrntf osd W .il 
iMlidsid 1 rrrmosd While 
lo lint idlis 


.. ( , ’ll 11 1 j' _ i r 11 0 ■ L 1 ■ 

^ , ir'iii II ■ 11 ' 1 ir ^ ■ -i- 

I. [ () ]_ 11,11' . 111L i ij ) 1 ti ’ i V 

' - Of'iDO 111" 1 iO I ' lojlil 
I.' 11 ] i I 111 i 1.) 110 I’l I'l 1011I i 
j , I.110 10 1 Li 0 011 3 1 c 11 r i 12 12 11'-' 
lOOiOlOOOl 13 1 L Uj’.O^OLCu 
■ uuOiiiniJi.D 13113^0211'’ 11' 

' I ' n I u 110 3 C) 1101 i 011 - 1111-1 

^. I ■ 1 iPi 11 3U '11 1 01 0 02 11 1111 ^ 
.iiiilllOOitlOOLlOlllllll^ 

' I' I; I i 11 rn.) (' 113 1 3 1 ' 3 2 1111 
j 211 ■' 1 1 1 3 3 3110 1 311U111112 
nf)ii;iin)(UM'3013 1 1 UllOlllv. 

I \ 1.1111 I () (M 11111 3 1 01112 0 ^ 11. ’ 

" * I; I I (Id ' d 1 1 3 1 1 3 111 1 2 1 1 3 
•, I I i , ■ d d : 1 1 t ij 3 1 1 11111 

■ • . ^ ; I 1 I; ,, L ■ .' 1 » 3 11 1 J --1 1 2 

I! j ; I -I I I I) 1 d 1 1 d 1 1 1 12 11 - 

, -I in' ..‘1 1 i; 1 ' 3M 32 1 1 12 

■ m i it '32 3211112 

' ! ] d'3.1 Id' : 1 21.'^11 2 

' /'ll(d«. 1 ■ '' 11' ' 1 3 < ' I ] ^ 1 „ i 2 1 1 . 

. I *) I I' 11 11 1 l' 1 11-' 1 1 1 1. 11.' 

.31, , ; D' 1 l‘> I KV 12121 1.' 

• e j 3'] Jd3 pi'll^ 12112 

^3 M 3 3 1J 32 112 
,.IIC I -HI ■ I : >131 101 )3l 11 
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Appendix 3. (!()iitiim(‘{l 


Lrptoxis ninpla 


Leptoxis erased tiutfiduip 
Ij'ptiixis pit ('(ltd 
I A'pt ox is f)rdcn>sd 
lA’ptoxis tdoiiidfd 
lA'ptoxis rir^dfd 
rJitnid ditbddh 'ttsis 
Elidiid rdrldtiini 
Eh mid I it p lei 
Eli mid ofivtild 
Jd^^d silinild 

Pii urot et'd editdlit nldfitm filitm 
Eh 'itroeeid prdsiddidm 
Plcnrocerd wdikeri 
Melddi>i(l( S ftiherrnldld 


Appendix 4. (Lithdsui (4assific‘ati(Hi st hcines used in enmpanson to eladistic li\jintiiescs Taxti marked with ti ' were not 



Tin ker Ill et al .. 

loys Bmcli and TottiMilrain, lOSO 


(aKHlrieli, 1940 


Ini III. 1S73 


Davis. 1974 


Genus Lifhdsid G.eniis Eiihdsid 


(a ims Eifhdsid 


(ieims . \nenli)sd 

E <^<ni(nfdfd piie^dis 


(.eims /e 
lo jhtf id!is 
/v. dvmiid nt 

E emid 
L (hittodidtKi 
L iunietilafd ^riiienldtd 
E iieniinldtd fttli'^itiosd 
E. \u-di( tildld phiiiiiis 
E fmhriehti 
E fdt/diid 
E lima 
E ohoidtft 
E sdh'hrosd 
E Sdh'hrosd fho'ettiidtid 
E Sdh'hrosd stih<zloho\d 
E f<7V7/eesn 


E drmi^i'rd Snheeims Eifhdsid 

E emid E ^('ttirdldfd efifieuldtd 

E. (hittodiddd E ei uietthifd fulipiio.sd 

E i^eni(’iildtd E. t^enit'dhifd piuptis 

E. Imhrichfi E. olxudld 

E jdtfddd E sdh’hrosd sdh hrosd 

E liiud E. sdlehnisd fiorentiddd 

E ohtndid I.. s(th hrosd sith<j^h>hi)sd 

E sdlehrosd Siiliaeims .\iifS,iiremd 

Ij. leniK'osd E armioevd 


(noiip 1 
E drmiAi'nt 
E (hiffodiddd 
E jdi/diKt 
E lima 


(d'oup 2 

/. iSiitu'uhtfd '^ediruldtd 
E ^('niedldtd fdheidosd 
E iU’iiirtildfd piitetiis 
E Sdh'hrosd \dh hn)\d 
E sdh’hrosd flon'iitidmi 
/v. Sdh'hrosd sitle^lohosd 


C amns \niiitremd 
E drmiAcni 
E nirtd 
/. (hiltoitidUd 
E ^edi( itfdid ^Jji'dit ufdtd 
E fmhriehti ■ 

E jdtfddd 
E limd 

E sdh’hrosd sdh hmsd 
E t ernt(’osd 


E nirtd 
E. ihiftodiddd 
E hdhriehti 
E. Jdtjddd 
E limd 
I. rernn’osd 


(iioiiji 3 

E. (’told 
!. imhrii'hti' 
E I ernu ’osd 


(.emis Eifhdsid 
I. m’nienldtd fiih^^mosd 
E ohoidtd 

E sdlehntsd fhtrentiddd 
E Sdh’hrosd siilejohosd 


(nouji } 

E ohiddfd 


















